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RADIOLOGICAL SURVEY OF THE FORMER BRIDGEPORT BRASS COMPANY
SPECIAL METALS EXTRUSION PLANT,
ADRIAN, MICHIGAN

F. F. Haywood* J. E. Bur‘denT
H. W. Dickson D. R. Stone T
W. D. Cottrell R. W. Doane

W. H. Shinpaugh W. A. Goldsmith

ABSTRACT

A radiological survey was made of the former Bridgeport Brass
Special Metals Extrusion Plant in Adrian, Michigan, now owned by General
Motors Corporation. This plant was operated to extrude uranium metal
which was used in the fabrication of reactor fuel for the Hanford,
Washington, and Savannah River, South Carolina, plants. Activities at
the Adrian plant included preparation of material for extrusion, abra-
sive sawing, storing, packaging, and shipping. When the original con-
tract was concluded, most of the equipment was dismantled and salvaged.
The current property owner cleaned much of the building and conducted
his own radiological survey. The results of the General Motors survey
indicated that the area originally involved in the uranium handling and
processing operation was within tolerances under the provision of guide-
lines applicable at the time the facility was decommissioned. A compre-
hensive survey was conducted in that area by a team of health physicists
from the Oak Ridge National Laboratory (ORNL). The results of this sur-
vey tend to confirm the findings of the General Motors report, except
that some floor areas were contaminated in excess of applicable guide-
lines and some off-gas ducts which had been used in the cutting area
were found to be contaminated with uranium. These ducts were removed,
the floor areas were cleaned, and a subsequent resurvey of the plant was
made by ORNL during February and March, 1977.

In April, 1979, an additional survey of a portion of the facility
was conducted by ORNL health physicists after learning that service pits
had existed beneath the extrusion units. Sometime after extrusion opera-
tions ceased, these pits were filled with sand and covered over at the
existing floor level with concrete. Results of this survey revealed
concentrations of 238U up to 21,000 pCi/g of residue, scale, and other
miscellaneous materials collected from the bottom of service pits,
service manholes, and holding tanks.

*present address: Eberline, Oak Ridge, Tennessee 37830.
TRetired.
*Consu]tant: Chattanooga State Technical Community College.
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INTRODUCTION

During the 1950s, the Bridgeport Brass Company, a division of
National Distillers and Chemical Corporation, operated a Special Metals
Extrusion Plant in Adrian, Michigan, under contract AT-(30-1)-1405 with
the Department of Energy (DOE, then the Atomic Energy Commission [AEC]).
The product of this operation was material for uranium fuel elements for
reactors in Hanford, Washington, and at the Savannah River Plant in
South Carolina. Uranium handled in this operation included depleted,
natural, and up to 2.1% enriched.! There are no descriptive records
available which indicate the full nature of the operations at this
plant.

At the completion of work by the Bridgeport Brass Company, one
large extrusion press was shipped to Reactive Metals, Inc., in Ashtabula,
Ohio, and put into operation there. Other equipment was dismantled and
scrapped. The whereabouts of this material is unknown. The plant was
sold to Martin-Marietta in the early 1960s. It was used by that company
until 1974, when it was sold to General Motors, Chevrolet Manufacturing
Division. Therefore, from about 1961 until the present, no records
exist to document alpha and beta-gamma contamination levels on the
floor, walls, fixtures, and structural members of the building..

In May, 1976, newspapers throughout the country carried articles
pertaining to a report from the General Accounting Office recommending
that DOE (then the Energy Research and Development Administration [ERDA])
expedite completion of radiological surveys at numerous sites throughout
the U. S. in order to certify that no potential hazards existed at these
sites. When General Motors officials learned through this release that
the Adrian property was included in those under consideration, a decision
was made to pérform an in-house survey of the facility in order to
determine the need for decontamination. Residual uranium was found in
numerous places, especially on elevated horizontal surfaces, fixtures,
and in floor cracks. The building was decontaminated using a vacuum
cleaner with filtered exhaust. This cleaning operation netted eight
55-gal drums containing 1 ton of dust and dirt. According to an analysis

of the residue, there was a tota1‘o%w5'td“6'kérof uranium in the collected
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dust. A follow-up survey was made by General Motors. Results suggested
that the areas actually surveyed were within recognized tolerances. The
Department of Energy (then ERDA) was then requested to confirm the
General Motors results with a formal survey and to verify that the area
met current guidelines for unrestricted release of property. In order
to verify the results obtained by General Motors and to obtain an
independent evaluation, ORNL was asked to inspect the facility, make
exploratory measurements, and conduct a formal survey if one was required.

On August 9, 1976, a presurvey visit to the Adrian plant was made
by H. W. Dickson of ORNL's Health and Safety Research Division (then
Health Physjcs Division) and W. T. Thornton of DOE (then ERDA), Oak
Ridge Operations (OR0). During this initial site visit, preliminary
measurements were made in areas where particulate matter was apt to
accumulate. It was found that most of the activity on the fioor was
confined to cracks in the concrete. There were a number of places where
concrete had been chipped during cleanup to remove contaminated sections
of the floor. Exploratory measurements revealed residual radioactivity,
but the readings were less than 1000 a dpm/100 cm? by direct reading on
the floor and less than 0.2 mrad/h at 1 cm from the floor due to beta-
gamma radiation. In areas well above the floor, some alpha radioactivity
was found on structural steel members but did not exceed 2,000 dpm/100 cm2.

Because residual radioactivity approaching l1imiting average levels
was detected during this visit, it was decided that a comprehensive
survey of the building would be needed in order to assure the appro-
priateness of unrestricted use of the  property. Based on the results of
this preliminary visit, a plan was developed for the formal survey of
this facility. The plan was approved by DOE (then ERDA), and the initial
survey work was conducted during the period August 17-19, 1976.

P————E



DESCRIPTION OF PLANT AREA

The former Bridgeport Brass Company plant, only a portion of which
was used for the uranium extrusion operations, is a large complex cover-
ing approximately 757,000 ft2 (17.4 acres). A layout of the building
was sketched from an original drawiné and is givén in Fig. 1. Metal
extrusion, cutting, etc., was carried out in Bays 5 through 7, shown as
the shaded area 1n Fig. 1. This area is approx1mate1y 40,800 ftZ, with
a ce111ng height - whlch varies from 45 to 55 ft nght1ng was provided
by\EEVEraﬂ rows of fluorescent f1xturé§Aand by sun11ght through windows
in two 10-ft-high "monitors"* in Bays 5 and 7. These windows were opened
and closed automatically by motorized actuators. The large open areas
of this structure are afforded by a massive steel framework. Supported
from this framing are crane rails, roof drain lines, electrical wires
and conduits, water pipes, space heaters, and off-gas ducts. Airborne
radioactive material which settled onto the horizontal surfaces of this
network of material presented a difficult situation both with regard to
cleanup and monitoring. The largest single surface was the concrete
floor. Most of the remaining surfaces were concrete block walls and
steel supports with the exception of a wood catwalk (45 ft above the
floor) which traversed two sides and the north end of both the west moni-
tor located in Bay 5 and the east monitor located in Bay 7.

A general view of the operational area during the AEC contract is
shown in Fig. 2 and includes a nominal 3,800-ton-capacity press (lower
right), saw (lower left), and pickling vats (upper left). A close-up
view of the pickling vats and associated off-gas system is shown in
Fig. 3. Blowers for numerous off-gas ducts in the exhaust system were
located on the roof. Air from this off-gas system was released at some
unknown height above the roof.

At the time of the survey, conducted in August, 1976, as well as at
the time of the subsequent survey conducted in February-March, 1977,

there was a surrounding concrete block wall on the east and south sides of

*Monitors referred to here are raised sections of the roof which
contain rows of windows for lighting.




ADS1{9
a

SP-t SP-2

ORNL - DWG. 80-18289

2A 3L

ey

— LoromG | 7 L BL oFFice AReA |
URANIUM EXTRUSION
OPERATIONS AREA
ADS 20
o
0] 120 240
[ R S |
SCALE (FEET) ADS2{ BRIDGEPORT BRASS CO.
o

SPECIAL METALS EXTRUSION. PLANT
- ADRIAN, MICHIGAN

0O SOIL SAMPLE LOCATION
A STORM SEWER MANHOLE LOCATIONS
O sump

Fig. 1. Plan view of former Bridgeport Brass Special Metals Extrusion Plant.

N



,_,

-

i, VRS

g

—

Fig. 2. View of extrusion area showing extrusion press in right foreground.
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the operations area. Because of some uncertainty regarding the age of
this wall, the survey of fixed alpha and beta-gamma activity on the floor
was extended to the areas immediately adjacent to and on the other side
of the concrete block wall. It was later learned that these walls were
erected in early 1960 prior to termination of operations in 1961.

For convenience, a plan view of the shaded area in Fig. 1 is pre-
sented in Fig. 4. For the purposes of this survey, a plan view including
the shaded area in Fig. 1 as well as the area outside the concrete block
walls, which are now removed, is shown in Fig. 5. The grid shown in this
figure represents an alpha-numeric code assigned by the original archi-
tect. This code is assigned to vertical steel beams which were placed
along the outer walls of the facility. The plus signs (+) which appear
in these figures represent the intersection of lines of projection drawn
between these vertical beams. Because of the massive roof -framing
design, the need for vertical beams in interior spaces was minimized.
Within the operational drea (nonsymmetric with respect to the remainder
of the building) there were three of the beams at grid locations 17N,
21N, and 25N.

RADIOLOGICAL SURVEY MEASUREMENTS

Most measurements made during the course of a formal survey of
former MED/AEC facilities follow a fixed pattern and are designed to
permit an evaluation of the current radiological status of the property
and to permit comparison with guidelines for the release of decontami-
nated property for unrestricted access. Differences in measurement
protocol between sites are generally attributable to the type of material
handled and to the type of operation. The measurements listed in this
section, therefore, represent those which were deemed necessary in order

to provide an adequate survey of the former Bridgeport Brass plant.

Gamma-Ray Measurements

Gamma-ray exposure-rate measurements were made 1 m above the floor
throughout the area used for extruding uranium. The spacing used for

these measurements was chosen according to the alpha-numeric grid
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depicted in Fig. 4. Also, gamma-ray exposure-rate measurements were
made 1 m above the ground in the open land area north of the building
shown in Fig. 6, as well as in the building, inside manholes, inside down

spouts of roof drains, sumps, and the pipe chase at locations indicated
in Fig. 5.

Measurements of Alpha and Beta-Gamma Contamination
on Building Surfaces

In order to determine the levels of total and transferable uranium
contamination on surfaces, the following surfaces were monitored:
structural steel, elevated catwalks, pipes, heaters, 1ight fixtures,
vertical walls, and other objects above the floor level; floor of the
plant area involved in the AEC contract and the floor in areas adjacent
to the operational area; and the roof surface including the roof storm
drain troughs.

"Contamination," as used in this report, refers to radioactive
matgria1s, whether fixed or transferable, deposited in or on surfaces.
Survey meter readings made on surfaces were used to indicate the levels
of total surface contamination, while standard smear techniques were used

to determine the levels of transferable contamination.

Concentration of Radionuclides in Air

Filtered, high-volume air samples (50,000 to 100,000 liters) were
collected in three locations in the general area of uranium extrusion.
The filters were returned to ORNL and analyzed to determine the amount

of 234U, 235U, and 238U from which air concentrations of these nuclides
could be calculated.

Investigation of Underground Drains

There is one main storm sewer near the operations area of the main
building. The sewer is used as drainage for water collected on the
roof. Air from exhaust ducts near the extrusion and cutting area was
released at some point above the roof. Local fallout from these ducts

was then washed into the storm drain during rainy periods. Three floor
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drains were found in the building. These are shown in Fig. 5. Addi-
tionally, service manholes M1, M15, and M16 shown in Fig. 5 contained
drains at the bottom which terminated in sump SP1 Tocated on the loading
dock at the north end of the building. A 42-in.-diam sump, shown in
Fig. 5, contained two.drains near the bottom. One entered the sump from
an eastward direction and the other from a westward direction. No in-
formation is available as to the origin of these drains. Samples from
this main trunk line of the storm sewer were collected at three points
(see Fig. 1) and analyzed at ORNL. Also, samples from all other under-
ground drains were collected. The concentration of 238U was measured in

all samples.

Concentrations of Radionuclides in Soil Collected
on the Site and off the Site
Samples of soil were collected on three sides of the main building
(see Fig. 1) from the open land area north of the plant (see Fig. 6) and
at four places in Adrian from 2 to 5 miles from the Bridgeport Brass

plant. These samples were analyzed at ORNL for 238y and for 226Ra.

RESIDUAL CONTAMINATION GUIDELINES

Through an investigation of the operations of this facility, it was
determined that only uranium was processed. The U.S. Nuclear Regulatory
Commission (NRC) has published guidelines? for the decontamination of
facilities and equipment prior to release for unrestricted use. Sur-
face alpha radioactivity limits in these guidelines for uranium are
5,000 dpm/100 cm? averaged over 1 m? and 15,000 dpm/100 cm? maximum.
For associated beta-gamma contamination, the radiation dose rate 1imits
at 1 cm above surfaces are 0.2 mrad/h averaged over 1 m? and 1.0 mrad/h
maximum for an area not greater than 100 cm?. The NRC guidelines are
presented in Appendix I. At the time survey operations.began at this
site, these guidelines had not been adopted for the DOE (then ERDA) re-
survey program. Therefore, for the floor of this facility, it is not
possible to compare the results of early measurements except in a gen-
eral way. In December, 1976, the NRC guidelines were adopted for the
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program since they were being used by NRC for the release of decontami-
nated property for unrestricted use. In comparing the results of the
survey with the NRC guide, it was obvious that residual contamination in
some areas exceeded limits given therein. This information was passed
on to the current property owner who, in turn, performed additional
decontamination and requested that another survey be made of the facil-
ity. This survey was conducted during February and March, 1977. Spe-
cific survey procedures used during surveys are presented later. Those

of the second survey were designed to permit comparison with the NRC
guidelines.

DESCRIPTION OF SURVEY PROCEDURES

Prior to conducting the initial survey, the nature of the extrusijon
operations was discussed with plant personnel (some of whom worked at
the plant during the Bridgeport Brass operation), and an inspection was
made of the building. Based on these discussions and observations made
during the inspection, it was decided that a representative survey could
be accomplished by measuring contamination levels on (1) floor and wall
surfaces} (2) elevated chord trusses, heaters, light fixtures, pipes,
etc., at the 35-ft level; (3) structural steel at the 45-ft level;
(4) catwalks, windows, hand railings, and vertical surfaces in the east
and west "monitors" between 45 and 55 ft above the floor; (5) roof,
including original exhaust outlets; (6) loading and unloading ramp on
the north side of the building; and (7) floor and roof drains. Because
some contamination existed on the overhead structure, it was important
to obtain samples of air to determine whether survey activities resulted
in airborne contamination. For this reason, it was felt that high volume
air samples should be collected during the survey.

Readings of surface radioactivity and gamma-ray exposure rate were
made in all areas which were accessible. However, it should be stressed
that during the initial survey there were some areas of the floor which
were covered or otherwise rendered inaccessible because of material
stored on pallets and equipment stored on the floor directly. These

places which were only partially available for survey are indicated as
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shaded areas in Fig. 7. There are a total of 130 grid points within the
boundaries of the operational areas. Measurements were made at 44 grid
points on interior floor surfaces and at 23 grid points along the four
walls. The area covered around each interior grid point was approxi-
mately 3.5 m? and one-half that area at grid points along the walls
(this represents approximately 17% of the floor area actually surveyed).
Random alpha and beta-gamma readings were taken in each square meter
within the area, and the average of those random readings was recorded
for each grid point area. One random smear sample was taken within the
area covered at each grid point. In addition, 100 smear samples were
taken at random locations on the floor throughout the operational area.

Prior to conducting subsequent survey measurements at this plant,
all stored material and equipment were removed, and the floor area was
cleared. For this part of the survey, a revised survey plan was prepared
and approved by DOE-ORO (then ERDA-ORO). It gave details of the tech-
niques utilized for taking surface contamination readings.

There were three sets of off-gas ducts which had been cut at a
height of approximately 15 ft above the floor (the lower portion was
scrapped when the plant was decommissioned). The lower end of the duct
was covered, and the duct was intact from that point to the ceiling.
Sample scrapings were taken from the inside of these ducts and returned
to ORNL for analysis.

After learning that service pits existed beneath the extrusion units
(see Fig. 8), and that after removal of the equipment the pits were
filled with sand and covered over with concrete at original floor level,
plans were developed to investigate these areas. This survey was con-
ducted in April, 1979. The plan included (1) direct gamma radiation
level measurements at sequential depths (typically 1 ft) in holes drilled
through the concrete floor, sand, and into concrete surfaces in the bot-
tom of the service pits (see Fig. 5); (2) analysis of core samples from
surfaces of the bottom of service pits; (3) analysis of scale, sediment
and crud from surfaces of drains, sumps, service manholes, and the pipe
chase (located toward the north end of the building); and (4) sampling
of water (or other forms of liquid) from sumps, drains, storm sewer sys-

tem, etc., where present. Additionally, overhead areas east and south
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of the operating area, beyond where block walls once existed, were sur-
veyed in a manner as done above the operating area in the "initial"

survey.

INSTRUMENTATION AND EQUIPMENT

A1l measurements of alpha and beta-gamma surface contamination in
the operations area were made with portable, hand-held instruments
described in Appendix II. Environmental samples which were returned to
ORNL were analyzed for radionuclide concentration using state-of-the-art,
computerized electronics as described in Appendix III.

Samples of airborne particulate radioactivity were collected with a
Staplex, model TF-1A, high-volume sampler. The effective area of aerosol
collection was 66.5 cm?. Whatman No. 41 filter paper was uséd. This
filter is used for fast filtering of coarse and gelatinous precipitates
in laboratory work, and it contains 0.01% ash or less. Six air samples
collected during the three-day survey period were returned to ORNL for
analysis. The filters were ashed, dissolved, and analyzed for uranium

isotopes using mass spectrometry techniques.

RESULTS OF RADIOLOGICAL SURVEY

The findings of the surveys presented here show the initial (1976)
and current (1979) Tevels of residual contamination in the facility.
A1l direct meter readings reported here represent gross readings; back-
ground radiation levels have not been subtracted. Similarly, background
levels have not been subtracted from radionuciide concentrations measured
in environmental samples and building materials.

In the initial survey, radioactive residues were found inside the
section of off-gas ducts which had not been torn down. Measurements on
the inside of these ducts revealed the presence of uranium residue.

Because of a buildup of "scatle,"

the direct reading for alpha radio-
activity did not exceed 1,200 dpm/100 cm?; however, the transferable

contamination also ranged up to 1,200 dpm/100 cm?. A direct beta-gamma
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reading on a wet paper towel "wipe'" revealed up to 8,000 cpm transferable
with a corresponding direct beta-gamma reading at the duct surface of
7.4 mrad/h. A sample of scale was taken from the inside of these ducts.
Neutron absorption techniques® were used to estimate the concentration
of uranium in this material. The observed range of 238y was 11,000 pCi/g
(3% uranium) to 25,000 pCi/g (7.5% uranium). On the basis of this
information, DOE (then ERDA) requested the removal of the ducts. General
Motors personnel removed these ducts and cleaned all residue in the area
using a filtered vacuum cleaner.

Results of the initial and second transferable surface contamination
surveys are presented in Table 1. A given value posted in Table 1
represents net disintegrations per min per 100 cm? alpha or beta-gamma
activity obtained by use of standard smear techniques applied to grid
blocks indicated. Columns I and II refer to results obtained during the
first survey. Columns III and IV refer to results obtained during the
second survey after General Motors personnel had cleaned some areas.
For direct readings of radiation levels on floor surfaces for both the
initial and second surveys, results are presented in Table 2. A given
value posted in Table 2 represents average direct readings per square
meter in _an area approximately 3.5 m x 3.5 m. It is seen that the
residual B-y contamination levels on the floor in severa]Aareas (see
CdThhh II, Table 2) exceed the recommended NRC guidelines for uranium.
General Motors personnel removed all material from the operations area
and decontaminated those areas where contamination was found in excess
of guidelines. It was necessary to remove some sections of concrete by
chipping, to remove imbedded steel anchor bolts from the floor, to remove
expansion joint packing, and to etch some painted surfaces with acid.
A1l decontamination work was completed in February, 1977. The second
floor survey was completed on March 2, 1977. Results of this s&f#ey are
presented in Columns III and 1V of Table 2.

~ In the second survey, a measurement grid was established for each
of the five shaded areas given in Fig. 9. Grid lines were separated by
2 m thus describing a "checkerboard" pattern as shown in Fig. 10. Five
random alpha and five random beta-gamma measurements were made in each

alternate 1 m? area within each gridded area. An area weighted average
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Table 1. Results of transferable alpha and beta-gamma contamination
measurements of fleor during initial survey (Columns I and II)
and after cleaning by General Motors (Columns III and IV)

Survey block I II III Iv
shown in Alpha Beta-gamma Alpha Beta-gamma
Fig. 4 (dpm/100 cm?) (dpm/100 cm?) (dpm/100 cm?) (dpm/100 cm?)

G15 <10 <10 --4 -2
G16 --a --4 <10 <10
G18 -- -- <10 <10
G21 <10 100 -~ --
G23 <10 <10 -- --
G25 <10 <10 -= -
G27 - <10 10 -- --
H15 -- 60 <10 70
H16 <10 50 <10 60
H17 -- -- <10 60
H18 <10 110 -- . --
H20 <10 50 -- --
H22 <10 <10 -- --
H24 <10 60 <10 60
H26 <10 40 <10 40
J15 <10 40 -- --
Jl6 -- - <10 <10
J17 <10 40 <10 <10
J18 -- -- <10 <10
J19 20 100 -- --
J20 - 10 10 10 100
Jz21 <10 110 -- --
Jz23 <10 30 -- --
J25 <10 <10 -- --
J27 <10 60 -- --
K15 <10 90 -- --
K16 .<10 80 <10 <10
K17 -~ -- <10 <10
K18 <10 120 <10 <10
K20 -- -- <10 <10
K22 <10 70 -- --
K23 -- -- <10 <10
K24 <10 <10 -- --
K26 <10 <10 -- --
L15 30 <10 <10 <10
L16 -- -- <10 <10
L17 30 <10 <10 <10
L18 -- -- <10 <10
L19 10 80 -- --
L21 20 170 -- --
L22 -- -- <10 <10
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Table 1. (continued)

Survey block 1 II 111 IV
shown in Alpha Beta~gamma Alpha Beta-gamma
Fig. 4 (dpm/100 cm?®) (dpm/100 cm?) (dpm/100 cm?) (dpm/100 cm?)

L23 <10 <10 -- --
L25 <10 100 -~ -=
L27 <10 60 -- --
M15 <10 60 -- --
Ml6 20 60 <10 <10
M17 -~ -- <10 <10
M18 10 40 <10 <10
M19 -- -- <10 <10
M20 20 190 30 70
M21 -- -- 50 130
M22 <10 50 50 100
M24 <10 <10 -- --
M26 10 60 -- --
N15 80 150 50 - <10
N16 -- -- 50 <10
N17 50 60 100 <10
N18 -- -- <10 <10
N19 10 30 50 <10
N20 -- -= 50 320
N21 30 50 70 100
N22 -~ -- 50 160
N23 <10 30 -- --
N25 <10 50 -~ --
N27 <10 <10 -- --
015 10 20 40 300
016 <10 60 50 <10
017 -- ~- 50 400
018 <10 90 50 400
019 -- ~-- <10 <10
020 70 210 50 <10
021 -- -- 80 <10
022 10 80 <10 400
023 -- -= <10 <10
024 <10 <10 - --
026 <10 <10 -- --
P15 <10 30 <10 50
P16 - -- <10 <10
P17 <10 <10 <10 <10
P18 -- -- <10 <10
P1s 20 <10 -- --
P20 -- -- 50 100
P21 <10 30 50 <10
P23 <10 <10 -- -=
P25 - -- <10 <10
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Table 1. (continued)

Survey block I II 111 Iv
shown in Alpha Beta-gamma Alpha Beta-gamma
Fig. 4 (dpm/100 cm2?) (dpm/100 cm?) (dpm/100 cm?) (dpm/100 cm?)
P26 <10 10 -- --
P27 <10 <10 -- --
Q15 20 <10 -- --
Q16 10 90 <10 <10
Q17 -- -- <10 <10
Q18 -- - <10 <10
Q19 -- -= <10 <10
Q20 10 90 -- --
Q21 - -- <10 <10
Q22 <10 <10 -- --
Q24 <10 10 -- --
Q26 <10 60 -- --

Zabsence of data value indicates that no measurement was taken
in this block during this particular survey.
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Table 2. Results of direct alpha and beta-gamma measurements on
floor during initial survey (Columns I and II) and after
cleaning by General Motors (Columns III and IV)

Survey block I II I11 1v
shown in Alpha Beta-gamma Alpha Beta-gamma
Fig. 4 (dpm/100 cm?) (mrad/h at 1 cm) (dpm/100 cm2?) (mrad/h at 1 cm)

G14 <50 <0.02 --a --4
G15Sb <50 <0.02 -- -
G15N -- 0.05 - --
G16 -~ -- <50 <0.02
G18 -- -- <50 <0.02
G21 150 0.02 -- --
G23 <50 <0.02 -- --
G25 <50 <0.02 -- -~
G27 <50 <0.02 -- --
H14 <50 <0.02 -- --
H15S <50 <0.02 -- . --
H15N 60 0.03 70 0.02
H16 40 0.02 70 0.02
H17 -- -- 70 0.01
H18 50 0.03 -- --
H20 -- -= <50 <0.02
H21 -- -- <50 <0.02
H22 <50 <0.02 -- --
H24 <50 <0.02 -- --
H26 <50 <0.02 -- -
Ji4 <50 <0.02 -- --
J15S <60 <0.02 -- --
J15N 140 0.05 -- --
J16 -- -- 230 0.04
J17 100 <0.02 <50 <0.02
J18 -- -- <50 <0.01
J19 90 0.01 90 0.01
J20 120 0.03 -- --
J21 70 <0.02 -- --
J23 <50 <0.02 -- --
J25 <50 <0.02 -- --
Ja27 <50 <0.02 -- --
K14 <50 <0.02 - --
K15S <60 <0.02 -- --
K15N 300 0.03 120 0.04
K16 300 0.02 140 0.03
K17 -- -- 190 0.03
K18 70 0.10 180 0.02
K19 -- -- <50 <0.02
K20 -- -- <50 <0.02
K21 -- - <50 <0.02

K22 120 <0.01 -- --
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Table 2.

(continued)

Survey block I I1 I11 1V
shown in Alpha Beta-gamma Alpha Beta-gamma
Fig. 4 (dpm/100 cm?) (mrad/h at 1 cm) (dpm/100 